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© Methods and apparatus for measuring transverse dimensions of workpieces. 



© In computer control of machine tools there is a 
need to measure the diameters of cylindrical work- 
pieces automatically and preferably without touching 
the workpiece. For this purpose an inductive proxim- 
ity sensor 14 is mounted for circular or linear move- 
ment along a path adjacent to a cylindrical work- 
piece 10 and in a plane normal to a radius of the 
workpiece. A discrete fast Fourier transform (FFT) is 
carried out on the output of the sensor as it moves 
along the path and the amplitude of the second ac 
component of the FFT is an indication of the work- 
apiece diameter. By calibrating with workpieces of 
different diameters, the said amplitude can be used 
©as a measure of workpiece diameter. 
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METHODS AND APPARATUS FOR MEASURING TRANSVERSE DIMENSIONS OF WORKPIECES 



The present invention relates to methods and 
apparatus for use with machine tools in measuring 
transverse dimensions of workpieces. The invention 
is particularly applicable to measuring the diam- 
eters of cylindrical portions of workpieces. 

In computer numerical control (CNC) machine 
'tools there is a need to measure the diameters of 
cylindrical portions of workpieces automatically and 
preferably without touching the workpiece. In addi- 
tion it is useful to be able to measure such diam- 
eters while machining is being carried out and to 
allow for cutting forces and other disturbances 
which occur during machining. 

According to a first aspect of the present in- 
vention there is provided a method of deriving a 
transverse dimension of an object comprising the 
steps of 

using a sensor to measure the distance between 
the surface and a datum, 

moving the sensor along a path near the object 
such that the said distance changes, 
repeatedly measuring the said distance, 
analysing the relationship between the distances 
measured and the position of the sensor in the 
path, and 

deriving an indication of the said dimension from 
the analysis. 

The periphery of the object in the plane of the 
transverse dimension may have any shape but the 
indication obtained relates only to that part of the 
object adjacent to the said path. For shapes having 
one or more axes of symmetry it may be possible 
to infer that the indication applies to a larger part of 
the shape or the whole of it For example if the 
object is star shaped in cross-section with several 
axes of symmetry and the path is adjacent to one 
complete point of the star, the dimensions of the 
whole cross-section can be inferred. If the cross- 
section is completely irregular, the indication ob- 
tained applies only to that part of the periphery 
adjacent to the path. 

According to a second aspect of the present 
invention there is provided a method of deriving a 
dimension of an object transverse to an axis there- 
of, the object being of a type which has a surface 
which intersects a plane normal to the axis in a 
closed conical section or a regular polygon and the 
dimensions being a dimension of the surface In the 
plane, 

the method comprising the steps of 
using a non-contacting sensor to measure the dis- 
tance between the surface and the sensor, 
moving the sensor along a path in a plane which 
includes a line parallel to the said axis while the 



said distance is repeatedly measured, the path 
being at least at times at an angle to the said line, 
analysing, using a predetermined analytical meth- 
od, the relationship between the distances mea- 
5 sured and the position of the sensor in the path, 
and 

deriving an indication of the said dimension from 
the analysis and a previous calibration of the said 
dimension of at least one object of the said type in 
70 relation to the predetermined analytical method. 

The closed conical section may be a circle or 
an ellipse. 

According to a third aspect of the present 
invention there is provided apparatus for deriving a 

is dimension of an object transverse to an axis there- 
of, the object being of a type which has a surface 
which intersects a plane normal to the axis in a 
closed conical section or a regular polygon and the 
dimension being a dimension of the surface in the 

20 plane, comprising 

means for mounting an object of the said type with 
its said axis in a predetermined position, 
a non-contacting sensor for measuring the distance 
between the sensor and the said surface of the 

25 object, 

means for moving the sensor along a path in a 
plane which includes a line parallel to the said axis 
of the said object while the said distance is repeat- 
edly measured, the path being at least at times at 

30 an angle to the said line, and 

means for analysing, using a predetermined analyt- 
ical method, the relationship between distances 
measured by the sensor and the position of the 
sensor in the path and for deriving an indication of 

as the said dimension from the analysis. 

The means for analysing may store a calibra- 
tion of the said dimension of at least one object of 
the said type in relation to the predetermined ana- 
lytical method and employ it in deriving the said 

40 indication. 

The said dimension may be the diameter of a 
cylindrical surface (external or internal) of the ob- 
ject and the path may be a circle, with the plane of 
the circle containing a line parallel to the longitudi- 

45 nal axis of the cylindrical surface. Alternatively the 
path may be linear and then preferably at right 
angles to the said line. The predetermined analyt- 
ical method may be that of the Fourier transform in 
the form, for example, of the fast Fourier transform 

so (FFT) when, It has been found, the amplitude of the 
second alternating frequency component is related 
to the diameter of the cylindrical surface. Other 
methods of analysis such as the use of Walsh 
functions or Hadamard transforms may, It is be- 
lieved, be alternatives to the Fourier transform. 
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An important advantage of the invention when 
applied to a cylindrical surface and using an FFT is 
that the derivation of the diameter derived is insen- 
sitive over a useful range to any offset between the 
axis of cylinder and a normal either to the circular 
sensor path passing through the centre thereof or 
to the linear path passing through the mid-point 
thereof. As a result it is not necessary for a CNC 
machine tool to bring the normal into coincidence 
with the cylinder axis, provided the offset is not too 
great, and any change in offset which occurs while 
machining is being carried out due to cutting forces 
or other disturbances does not for most practical 
purposes make the diameter derivation inaccurate. 

A single traversal of the sensor around the 
circular path or along the linear path produces two 
peak amplitudes of sensor response and if these 
peaks are of equal amplitude then the above men- 
tioned offset is zero. When the peaks are not equal 
the ratio of the peak responses gives an indication 
of the size of the offset and therefore the apparatus 
may derive a measure of the peak ratio and use 
this measure to make a small correction to the 
derived cylinder diameter or to move the relative 
positions of the cylinder axis and the centre of the 
circular path to reduce the offset, or to establish a 
limit for the offset 

Where the workpiece is metal the sensor may 
be an inductive sensor but if the workpiece is 
formed of another material then other types of 
sensors such as capacitive, eddy current or acous- 
tic sensors may be used. A further alternative is 
the pneumatic sensor in which a pressure inside a 
chamber is partly determined by proximity of an 
object (whose position is to be determined) to an 
exit orifice, a constant air pressure is applied to an 
entrance orifice and the chamber pressure is mea- 
sured by a pressure sensor. 

The invention also includes apparatus for using 
the method of the first aspect of the invention. 

Certain embodiments of the invention will now 
be described by way of example with reference to 
the accompanying drawings in which:- 

Figures 1(a), (b) and (c) show side elevations 
and a plan view of an exemplary machine tool 
configuration employing the invention. 

Figure 2 shows the locus taken, in operation, 
by the axis of a sensor of Figure 1 in relation to the 
centre of rotation of an X-Y axes rotating stage of 
the machine tool of Figure 1, 

Figure 3 is a block diagram of apparatus 
according to the invention, 

Rgure 4 is a graph of sensor output against 
angular position of the sensor when the offset be- 
tween the sensor axis and the axis of a cylinder 
whose diameter is to be derived is very smail, 



Rgure 5 is a graph of sensor output 'against 
angular sensor position when the above offset is 
pronounced, 

Figure 6 is a graph of cylinder diameter 
s against amplitude of the second ac component 
from an FFT for a method and apparatus according 
to the invention, 

Figure 7 is a graph of the above mentioned 
offset against the ratio of peaks obtained in the 
io sensor output, 

figure 8 shows a cam and slider assembly 
for imparting linear motion to a sensor, 

Rgure 9 is an electrical block diagram for 
use with the arrangement of Rgure 8, and 
is Rgure 10 is a flow chart of a program em- 

ployed by the computer of Rgure 9. 

In Rgures 1(a), (b) and (c) an object whose 
diameter is to be determined is represented by a 

20 cylinder 10 clamped between the centres of a 
machine tool 1 1 as a workpiece would be clamped 
in practice. The machine tool 11 has a bed 12 
capable of X-Y axis movements as shown in Fig- 
ures 1(a) and (b). The bed 12 carries a rotating 

25 stage 13 which rotates about the origin of the X-Y 
axes and on which is mounted an inductive sensor 
14. The centres holding the cylinder 10 are moun- 
ted on support brackets 15 to that the cylinder can 
be moved in the Z axis direction shown in Rgure 

30 1(b). 

The sensor 14 is mounted eccentrically with 
respect to the rotation of the stage 13 as shown in 
Rgure 2. The intersection of the X and Y axes of 
the bed 12 is shown at point 16 and the vertical 

35 axis of the sensor 14 is shown at point 17 for an 
angular position of 0° of the stage 13. The periph- 
ery of the sensor 14 in this angular position is 
indicated at 14. In operation the stage is rotated 
and the locus of the point 17 and the envelope 

40 swept by the sensor 14 are indicated by circles 18 
and 19 respectively. In practice for the range of 
cylindrical objects measured an eccentricity of 3 
mm between the axis of the sensor 14 and the 
origin of the X and Y axes was found to be suitable 

45 so that the circle 18 has a diameter of 6 mm. 

The apparatus of Figures 1(a), (b) and (c) is 
under the control of a controller 21 shown in Figure 
3 where those functions of the controller which are 
relevant to this exemplary embodiment of the in- 

50 vention are also shown. The controller 21 includes 
a computer for machine control but has additional 
functions including, in this embodiment, carrying 
out an FFT. 

Signals from the sensor 14 reach the controller 
55 by way of an analogue-to-digital converter (ADC) 
22 and readout from the ADC is controlled by the 
controller. 

The rotating stage 13 has an encoder 23 giving 
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an output representative of the angular position in 
degrees of the stage, and the controller 21 controls 
X. Y, Z drives and a drive for the stage 13. 

In operation the controller 21 adjusts the X and 
Y positions until the centre of the stage 13 is s 
approximately below the axis of the cylinder 10 
with cylinder axis parallel to the X axis. Then the 
angular position of the rotating stage 13 is set to 
zero with the sensor positioned so that the maxi- 
mum gap (approximately) exists between the low- w 
est portion of the cylinder 10 and the top of the 
sensor 14. Next the controller adjusts the Z axis 
position of the cylinder 10 until the digital output of 
the ADC shows that the working range of the 
sensor 14 will be utilised. When the type of sensor 75 
used is a Baumer electric type 1WA 12u 9002 
together with a type C.t.L 6300 ADC a linear output 
is obtained for object distances in the range 1 mm 
to 1.5 mm corresponding to an ADC output of 20 to 
2047. Thus the Z axis is adjusted until the ADC 20 
registers an output of 200, for example. 

The controller now rotates the stage 13 and a 
series of ADC outputs is passed to the controller 
21 with one output sent every 5* (for example) of 
rotation of the stage 13. Each output is initiated by 2s 
the encoder 23 which causes an ADC readout to 
occur by way of the controller. 

The type of ADC output variation obtained with 
angular position of the stage 13 is shown in Figure 
4. As the position of the" sensor 14 rotates with 30 
respect to the cylinder the distance between the 
top of the sensor 14 and the surface of the cylinder 
10 gradually increases and the ADC output in- 
creases as is shown by the portion 24 of Figure 4. 
When the angle of the stage reaches 90* this 35 
distance reaches a maximum value giving peak 
ADC output and then falls again, as indicated by 
the ADC output at 25, until the distance reaches a 
minimum value when the angle of the stage is 
180*. As the stage is rotated through a further 40 
180* to its original position the distance between 
the top of the sensor 14 and the surface of the 
cylinder 10 changes in the same way giving an 
ADC output which again rises to a maximum and 
falls to its original value. 45 

Figure 4 represents the ADC output when the 
axis of the rotating stage 13 intersects the axis of 
the cylinder; as a result the two peak ADC outputs 
are the same. Under these conditions it would be 
possible to deduce the diameter of the cylinder 10 so 
from the amplitude of the sine wave shown in 
Figure 4. However in practice, especially with com- 
puter controlled machine tools, it is difficult to en- 
sure that the axis of the stage 13 and the cylinder 
axis intersect and an advantage of the present 55 
invention is that it is not necessary for these two 
* axes to intersect provided the distance between the 
top of the sensor 14 and the surface of the cylinder 



10 does not go much out of the linear range of the 
sensor 14. 

The type of relationship of ADC output with 
angle of the stage 13 which is obtained when these 
axes are offset from one another by a horizontal 
distance is shown in Figure 5 and by carrying out a 
Fourier transform on this relationship the diameter 
of the cylinder 10 can be accurately derived. In 
practive an FFT is carried out by the controller 21 
and in a typical case for this embodiment thirty-six 
frequency components can be obtained and ex- 
pressed in terms of real and imaginary compo- 
nents, amplitude and phase. However the number 
of components required to represent the relation- 
ship can be greatly reduced and even if only seven 
components are used the corresponding inverse 
transform provides a curve which fits the original 
shape reasonably well. 

The frequency components given by the FFT 
can be designated as sin(nx), where there are n 
components with n = 0 for the first component 
which corresponds to DC. 

The largest amplitude component is the 2x 
component, that is the second ac component, 
which corresponds to the fundamental frequency of 
the shape of Figure 4. 

The present inventor has found that the diam- 
eter of the cylinder 10 can be derived accurately 
from the 2x component alone and the result ob- 
tained is insensitive to any reasonably small offset 
between the axis of rotation of the stage 13 and the 
axis of the cylinder 10. This result is illustrated in 
Rgure 6 where the amplitude of the 2x component 
is plotted against cylinder diameter. Each of the 
various ranges marked corresponds to a cylinder 
having one of the following different diameters: 16, 
20, 24, 30, 35, 40, 50, 60 and 70 mm. Each range 
shown corresponds to axes offsets ranging from 
-0.58 to +0,66 mm. 

The controller 21 is programmed to determine 
the amplitude of the 2x component of the FFT and 
this is used by means, for example, of an internal 
look-up table held, for example in a Read-Only 
memory, by the controller to give a direct indica- 
tion of cylinder diameter. 

Should greater accuracy by required then the 
ratio of the two peaks of the ADC output can be 
used to determine the above mentioned offset be- 
tween axes. If the peaks ratio is defined by 

max 1 — min 



max 2 — rain 

where "max 1 " is the height of the first peak from a 
baseline, "max 2" is the height of the second peak 
from the baseline, and 
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"min n is the height of the trough between the 
peaks from the baseline 

then a graph of the form shown in Figure 7 can be 
plotted. The vertical axis is the peaks ratio and the 
horizontal axis is a Y axis setting for the centre of 
rotation of the rotating stage 13. There is no offset 
at the peaks ratio of 1 and other offsets can be 
calculated in millimetres from the graph. 

The controller 21 can be arranged to correct its 
output either by adjusting the Y drive until the 
peaks ratio is unity or by using a look-up table 
which takes account of the offset. 

Before apparatus of the type shown in Figures 
1(a), (b) and (c) and Figure 3 is used, it is cali- 
brated with a series of cylinders of known diameter 
to provide and store look-up tables, or an equation 
defining a power law, corresponding to a series of 
curves of the type shown in Figure 6. Then the 
derived diameters of cylindrical objects clamped 
between the centres of the machine tool 1 1 depend 
on the sizes of these standard cylinders and the 
calibration curves obtained. 

In practice machine tool 1 1 may be used to cut 
a cylindrical portion of an object and then the 
sensor 14 is moved into position so that the com- 
puter 22 provides an indication of the diameter of 
the cylindrical portion. Alternatively, the sensor 14 
may be in position while cutting is carried out when 
an accurate derivation of diameter is obtained In 
spite of displacements and other disturbances 
which occur during cutting. 

An alternative and preferred embodiment of the 
invention which uses linear motion for the sensor is 
now described. Linear motion produces outputs 
similar to those of Figures 4, 5 and 6, except that 
in Figures 4 and 5 the X-axis is measured in units 
of linear displacement rather than degrees. 

In Figure 8 the sensor 14 is mounted on a cam 
and slider assembly to produce oscillatory linear 
motion in the direction of the double headed arrow 
25 at right angles to the axis of the cylinder 10 
whose diameter is to be measured. The sensor 14 
is mounted by means of a rod 26 on a cam 
follower 27 which is held in contact with a cam 28 
by a spring 29 between the follower 27 and a fixed 
abutment 30. 

A block diagram of an arrangment for measur- 
ing the diameter of the cylinder 10 without involv- 
ing control of a machine tool is shown in Figure 9. 
An electric motor 32 drives the cam 28 and is itself 
supplied from a power supply 33. The sensor 14 
has a further power supply 34 and its output Is 
connected to an analogue to digital converter board 
35 plugged into a personal computer (PC) 36. An 
additional processor board 37 also plugged into the 
PC 36 carries out the discrete FFT. A suitable 
computer is the Opus PC II and the two processor 
boards 35 and 37 may be a type DT2814 and an 



ARIEL FFT processor, respectively. 

it has been found preferable to take ail data 
points from the sensor output for the FFT over one 
cycle of oscillation and it follows from the speed of 

s operation of the ADC that the maximum linear 
oscillation frequency required is about 1 Hz. The 
motor 32 is chosen as appropriate for this require- 
ment and the ADC and motor are synchronised to 
provide one cycle of data points from each linear 

ro oscillation of the sensor. 

The PC 36 is programmed to take 512 samples 
from the sensor 14 and store them in a data array 
ZR (not shown). A data repositioning routine sorts 
through the stored data points sequentially until a 

75 point is found which is both midway between the 
maximum and minimum and on a positive slope. 
The array is then reorganised to give one full cycle 
(256 points) starting at this midpoint to ensure that 
the same starting point is used for each execution 

20 of the FFT and hence maintain a consistent ar- 
rangement. The reorganised 256 points are stored 
in the same data array ZR in locations 0 to 255. 
The data points making up the sensor output wave 
are then shifted so that the wave is symmetrical 

25 about the X-axis and the data points forming this 
shifted wave are stored in a data array RD, again in 
locations 0 to 255. This removes the dc term and 
allows the samples to be amplified to the maximum 
extent so making full use of the FFT board. The 

30 FFT processor reads from the data array RD (not 
shown) and passes its output to two further data 
arrays RFT and IFT (not shown), each of 256 
points, and representing real and imaginary values, 
respectively. The data arrays are stored in the PC 

35 36. 

When the FFT function is called, the output 
generated consists of n terms, where n has the 
meaning given above, each having real and imagi- 
nary parts which appear in locations RFT(n) and 

40 IFT(n). From 256 data points 128 terms are gen- 
erated. To obtain the amplitude of the n th compo- 
nent the square root of the sum of the squares of 
RFT(n) and IFT(n) is' taken; for example the am- 
plitude of the 2x component is obtained from the 

45 square root of the sum of the squares of RFT(2) 
and IFT(2). 

A flow chart of the program followed by the PC 
36 is given in Figure 10. After initialising the PC a 
data acquisition routine is run in an operation 40 

so and when completed the data is positioned in loca- 
tions 0 to 255 of the array ZR, as mentioned 
above. If the data acquired is acceptable according 
to a test 41 then it is repositioned in the data array 
RD with the wave represented symmetrically about 

55 the X-axis as mentioned above in an operation 42. 
The test 41 can be based on a visual inspection of 
plotted data points on the screen of the PC 36, or 
automatically by ensuring that the last data point is 
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the same as the first, as it should be if the motor 
32 and the ADC 35 are correctly synchronised. 
After another test 43 which Is the same as the test 
41, the date is amplified in an operation 45 by 
multiplication of each data point by a constant 
having a value which makes full use of the capabil- 
ities of the FFT board and then the FFT subroutine 
is run (operation 46). An operation 48 follows in 
which the FFT results are displayed on the screen 
of the PC 36. An operator controlled test 49 follows 
to allow the FFT to be repeated for the same data 
and then a test 50 allows the whole operation of 
acquiring data, repositioning, amplifying and ex- 
ecuting FFT functions to be repeated as required. 

The displayed results can be used either man- 
ually or as part of the PC program to calculate the 
workpiece diameter from previously obtained cali- 
bration tables or graphs available to an operator 
and/or stored in the PC. 

Although the method of measurement does not 
require the mean position of the sensor to be on 
that radius of the cylinder 10 which is at right 
angles to the linear movement, the second har- 
monic term does vary slightly with offset from this 
position and so to preserve the accuracy of the 
method the offset should be kept within certain 
limits. The peaks ratio (mentioned above) can be 
used to indicate the maximum offset which should 
be allowed. In practice it has been found that if the 
peaks ratio is not allowed to rise above 1.1 then an 
acceptable accuracy of measurement Is obtained. 
For example the maximum error with a 12 mm 
diameter cylinder is ±0.008 mm and this increases 
to ±0.062 mm for a 70 mm diameter cylinder. This 
variation in the maximum error is mainly due to the 
change in the sensitivity of the method with diam- 
eter; that is the same change in the second ac 
term has a larger effect on the estimated diameter 
as the cylinder diameter increases. 

The sensor may be mounted on a rod sup- 
ported at one end and vibrated at its natural fre- 
quency as an alternative to the cam and slider 
arrangement. The movement obtained is then 
along an arc but is a close approximation to linear 
movement. Preferably the movement is damped to 
that its is (ess sensitive to changes in operating 
conditions, and the centre of the arc should be in 
the null offset position, or as near as is allowed by 
the peaks ratio limit Also a tangent to the arc 
should be at right angles to a radius of the cylinder 
10. 

It will be appreciated that the invention can be 
put into practice in many other ways than those 
specifically described, particularly in the analysis 
carried out on the relationship between the angle of 
the rotating stage and the ADC output 



Claims 

1. A method of deriving a transverse dimension 
of an object comprising the steps of 
s using a sensor to measure the distance between 
the surface and a datum, 

moving the sensor along a path near the object 
such that the said distance changes, 
repeatedly measuring the said distance, 
10 analysing the relationship between the distances 
measured and the position of the sensor in the 
path and 

deriving an indication of the said dimension from 
the analysis. 

75 2. Apparatus for deriving a transverse dimen- 
sion of an object comprising 
a sensor for measuring the distance between the 
surface and a datum, 

means for moving the sensor along a path near the 
20 object such that the said distance changes, 
repeatedly measuring the said distance, 
means for analysing the relationship between the 
distances measured and the position of the sensor 
in the path, and for deriving an indication of the 
25 said dimension from the analysis. 

3. A method of deriving a dimension of an 
object transverse to an axis thereof, the object 
being of a type which has a surface which inter- 
sects a plane normal to the axis in a closed conical 

30 section or a regular polygon and the dimension 
being a dimension of the surface in the plane, 
the method comprising the steps of 
using a non-contacting sensor to measure the dis- 
tance between the surface and the sensor, 

3S moving the sensor along a path in a plane which 
includes a line parallel to the said axis while the 
said distance is repeatedly measured, the path 
being at least at times at an angle to the said line, 
analysing, using a predetermined analytical meth- 

40 od, the relationship between the distances mea- 
sured and the position of the sensor in the path, 
and 

deriving an indication of the said dimension form 
the analysis and a previous calibration of the said 
45 dimension of at least one object of the said type in 
relation to the predetermined analytical method. 

4. Apparatus for deriving a dimension of an 
object transverse to an axis thereof, the object 
being of a type which has a surface which inter- 
so sects a plane normal to the axis in a closed conical 

section or a regular polygon and the dimension 
being a dimension of the surface in the plane, 
comprising 

means for mounting an object of the said type with 
65 its said axis in a predetermined position, 

a non-contacting sensor for measuring the distance 
between the sensor and the said surface of the 
object, 
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means for moving the sensor along a path in a 
plane which includes a line parallel to the said axis 
of the said object while the said distance is repeat- 
edly measured, the path being at least at times at 
an angle to the said line, and 
means for analysing, using a predetermined analyt- 
ical method, the relationship between distances 
measured by the sensor and the position of the 
sensor in the path and for deriving an indication of 
the said dimension from the analysis. 

5. Apparatus according to Claim 4 wherein the 
means for analysing stores a calibration of the said 
dimension of at least one object of the said type in 
relation to the predetermined analytical method, 
and employs the calibration in deriving the said 
indication. 

6. A method or apparatus according to any 
preceding claim wherein the sensor is an inductive 
distance measuring sensor. 

7. A method or apparatus according to any of 
Claims 3 to 5 wherein the predetermined analytical 
method comprises the use of the fast Fourier trans- 
form. 

8. A method or apparatus according to any of 
Claims 3 to 7 wherein the surface is cylindrical and 
the said dimension is the diameter of' the surface. 

9. A method or apparatus according to Claim 8 
insofar as dependent on Claim 7 wherein the diam- 
eter of the cylindrical surface is derived from the 
amplitude of the second ac component of the fast 
Fourier transform. 

10. A method or apparatus according to Claim 
9 wherein the said calibration is of the said second 
ac component versus the diameters of cylindrical 
surfaces. 

11. A method or apparatus according to any 
preceding claim wherein the path is circular. 

12. A method or apparatus according to any of 
Claims 1 to 10 wherein the path is linear. 

13. A method or apparatus according to Claim 
12 wherein the path is at right angles to the said 
line. 

14. A method or apparatus according to any of 
Claims 11 to 13 wherein, in operation, the peak 
magnitudes of the output of the sensor in one 
traversal of the path are compared to give a signal 
representative of the offset distance between the 
normal to the path at the centre thereof and the 
said axis. 

15. A method or apparatus according to Claim 
14 wherein, in operation, the said signal is used to 
reduce the said offset. 

16. A method or apparatus according to Claim 
14 insofar as dependent on Claim 8 wherein, in 
operation, the said signal is used in deriving the 
diameter of the cylindrical surface. 



17. A method or apparatus according to Claim 
14 wherein the said signal is used to indicate a 
maximum offset which is permitted in operating the 
method or apparatus. 

s * 18. Apparatus according to Claim 11 or any of 
Claims 14 to 17 insofar as dependent on Claim 11 
including holding means for holding an object of 
the said type, and a rotatabie member mounted for 
rotation in a plane containing a line parallel to the 

7a axis of an object held by the holding means, the 
sensor being mounted eccentrically on. the rotat- 
abie member. 

19. Apparatus according to Claim 11 or 18, or 
any of Claims 14 to 17 insofar as dependent on 

;s Claim 11 wherein the apparatus is a machine tool 
comprising a table arranged for movement along 
two orthogonal axes, a rotating stage mounted on 
the table, means defining two centres between 
which, in operation, a workpiece is mounted and 

20 means for moving the centres at right angles to the 
surface of the stage, the sensor being mounted on 
the stage eccentrically in relation to the centre of 
rotation thereof. 

20. Apparatus according to Claim 19 including 
25 a controller for reading out the sensor in response 

to rotation of the stage and simultaneously apply- 
ing to the means for analysing both the output of 
the sensor and a signal representative of the an- 
gular position of the stage. 
30 21. Apparatus according to Claim 20 wherein 
the controller also controls drives for the table, the 
stage and the means for moving the centres. 

22. Apparatus according to Claim 12 or 13, or 
any of Claims 14, 15 and 17 insofar as dependent 

as on Claim 12, including a motor driven cam and a 
cam follower, the sensor being mounted to the cam 
follower to follow the said linear path. 

23. Apparatus for deriving a transverse dimen- 
sion of an object as hereinbefore described with 

40 reference to the accompanying drawings. 

24. A method of deriving a transverse dimen- 
sion of an object as hereinbefore described. 
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